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REFLECTED SHOCKS IN SIO0,"

J. N. Fritz and R. G. McQuaen

Los Alamos National Laboratory
Los Alamoa, NM 87545

Pavlovskil et nl.l. by compresaion by a magnetic field, find a ctransition on the
quartz ({sentrope at 125 GPa. The tvansition, having a 2-fold increasw in density
ovar and above the denaity iacrease from quartz to stishovite, 1is ascribed to the
metalization of quarte. The geophysiral {aplications of such a transition would be
profound. One would not see such a tranaition in eingly-shocked quartz baecsuse all
the shock energy would be increasing the thermal energy. Accordingly, we have par-
formad sacond-shock experiments on a fine-grained quartz. These data will be pre-
sented. No evidence for a catastrophic volume cnllapac was found for second shocks

up to 145 GPa.
INTRODUCTION

A two=-fold increase in density in StOz at 125
GPa over and above the increase in density
from quartz to stishovite would have enormous
geophysical consequencni. Much of the
conjecture about the composition of tha lower
mantle depends on the relative incompress{bil-
ity of stishovite and other oxide phauses which
are assumed to behave {n a aimilar mannor.
Indeed, such a tremendous density change makes
si0, a viable candidata for a cora
conAtltuent. [t would even be a conductive
conatltucnt {f the transition produclng such a
lLargae density change was to a metallic phase
of §10,.

The absance of such a transitlon (in
aingle-shock data starting from a4 material
with quar!z-like density 18 not an argument
agalnet the nxistence of wsuch a transit{on.
In the axact expramsion for the slope of the
Hugoniot c¢urve, the factor | = y(P.V)(VO-V)/ZV
occury In  the denominator. Although the
factor doves not vaniah nuntil a density of
13 n/crn| is attained (for the ammsumption of v
constant and a Ty * 1.52 at atishovite
density) it in already amplifylng the
lncally-high imentropic slopa by a fnctns of
three by the time the dansity (3.75/cm’) at
which Pavlovakii et al.! meo the tranaltion s
attained on the Alngle-shock Hugoniot. Thin
ta another way of maving all the extra enargy
ona puts Lntu a4 Aatngle mhock gaem {nto tharmal
energy and doenn’t {ncroame the denafty. Mul-
tiple mhocks provide a way of getting to the
highar densfties with an {sentropic compros=
nion heing the Llimiting cawa of multiple
nhocking. [Ff stimhovire were availahle am a
ntarting matarial one could obherve the tran-
sition In mingle=snhock data  (the V" In  thu

factor (s much redurad). For now we present
two rallected nhock curvem, centersd at two
di{ffrrent promsuron an the novaculite
Hugoniot.
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Experimental

Two thin 8labs of Arkansas novaculite, a
fine-grained quartz aggregate with a density
of 2.64 g/cm3 ane an i{mpurity content of laas
than 11X, were usad as base platca Ln one of
our standard configurations for measuring
ahock veloclcies. fxplosiva systems drove
metal plates (2024 Al for the lower pressure
shot and 347 stalnloss atanl for the highe¢)
through a 25 mm He-gas-filled free run to
impact on the novicullta base plates (5 and 4
mm thick for the lower and higher presaura ex-
parlments). Tventy-six namples Jeare mounted
in an assemhly that held them to the other
alde of tha novacullte. Light from flast gaps
on the base plate and sampls wsurfaces was
recorded by a wtruak camera and served to nean-
sure the shock velocitles {n the mamples.
Shock velocities (n novaculite samples geve
tha bume-platu srate (our (nitial state for
tha subsaquent reflected shock) aad four other
macerinals of higher impedance reflccted shocks
at varlous arrengtha into the base plate.
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The single-shock equation of state of thege
wmaterials then permits us to obtain the P-u
points of the reflected shock 1in the bnsg
plate, centered on the {initfal shock state
meaadured by the novaculite sample.

Because of the high wave velocities 1in
compressad 5102. one needs to take special
care that thae U, measured in a sample is
uncontaminated by multiple wave 1interactions
from the rear. Figure | shows the wave Lnter-
actions appropriate to the W sample for the
higheat prassure shot. The S5347 driver must
be thick enough 8o that the ralease wave [rom
its back suvface does not interfare, and the W
u_ sample must be thin anough so that the next
lﬂock from the novaculite will noct catch up
and give a spuriously high ehock velocity.
The bulk calculations (solid lines) indicate
safaty. Possible elastlc precursors (dushed
lines) cut into this margin. If we add up the
time incremants indicated by the added paren-
theais and subtract this time from the extrap-
olated sacond shock {u W we still have a
safety margln of 0.07 us after the first shock
in the W slams 1into the aluminum ahim and
flashes the gap. The precursor before the
shock converting the siagly=-shocked novu-ulite
(l; a 55 GPa smstata) to the donubly-shocked
novaculite (2, 15C GPa) 1is wunlikely. [he
state 2 {8 our chief concarn. If the tranal-
tion ware prosent tha wave converting | to 2
would be approximately as shown, but would
only convert the novaculite to 125 GPa. A
wecond shock aemanating from the novaculite=w
Lntaeraction traveling at a vaery slow velocity
would accomplish the actual phase transition.
The P-u_ stated corresponding to the polygonal
arenn IR the y=t i{nteractfon diagram are shown
ftn Flg. 2. Statea | Ls the singly-mhocked
novaculilte and Lt bounces up batwian the W and
§8347 Hugontlotw. Strulght sol!d lines are
churde connecting the interaction mtaten. The
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Fig. 2. P-uv Interaction diagram,

dotted 1line from 1 up 1s the calculrted
veraion of the reflected shock curve we wish
to measure. Shock-velocity weasurementa of
various materials on rhe base plate put
experimental points on this plane. If a
2-wave structura goes back into the base plate
above 125 GPa the dotted wave with the 2° on
it will result. Unlike Fforward wcks in
samples, a sample sitting on the vase plate
measures the state behind the second shock.
This sacond shock (third shock actually) was
computed by centering it on the break-over
polnt on the doubly-shocked curve and assuaming
a vertical P,V curve as the endpoint at a
density of 10 g/cm?. Clearly the form of this
alternate section of the reflacted-shock curve
dapends on form of the transition in the P-V
plana.

For tha calculations in chis mection and the
rest of this note the EOS for novaculite we
have usad is a Hugoniot curve for stishovite:
Py = 4287 g/cam’, - 7.626 km/s, 8 = 1.5;
and the off-Hugoniot specification of anargy:
pY const- with Yo (stishovite) = 1.52, and
Eo(-tlshovtce) - E,(quartz) = 0.80 J/mg.

Results

Figure 3] shows the u_, measurements. For each
materiul they comae Tn two groups, one for the
lower-pressure shot and one for the higher.
The spread 1in velocities Llm an ‘ndicatlon of
the prucision and {s also a consequance
(possibly) of vartation in base-plate pressure
in the l.teral dimenstan. In alther case,
averagas aro appropriate. The EOS“s of the
various materials permlit us to plot thesa
points (n thae u =u. plane and {n Fig., 4, (n
the P=u plane, where the meaasured
raf lected=shock curves are now obvious.
Figure 5 shows the calculated reflected shocks
from the measured pofints on the ningle=-shock
llugontot and Flgure 6 shows those curvem and
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compares them with the averaged experimental
points. 1f the transition were to have oc-
curred the upper W point would have fallean on
the lower one, but it {s on the continuation
of thea doubly-shocked curve.

These results ara senaitive to the cloaure
time of the flash gaps on the base plate. If,
upon releasing to a low pressure at a frae
surface the atishovitc does not reconvert to
quartz, the time required tc close the gap Is
appreciably loager. This has :the effact of
lovering the measured shock velocity in che
higher impedance samples (the effect 18
symmetric on the novaculite samples and
introduces no error). If it reconverts, then
ug, = 2u_ (or a little greatrer). Some experi-
ments wgre done to investigate this point and
indicate the latter 1ia correct. Thus, the
open eymbols are prefervred and the closed
symbols are shown to Llluetrate the magnitude
of this affect.

Discussion

The W result at 150 GPa contradicts the
exiscenca of a transitlon at 125 GPa. If
there {8 an 1incubation time associated with
this vransiction, our oxperiment is {ll-auited
to detect [c. The shock veloclty set up In
tha tungiten (nitially {s the {nstantanacus
reaponaa of the novaculfte. If {t caves (n
later, then this informat{on mumt traval to
tha advancing nliock front in tungaten and alov
it down. Our break-over point, (f we had
detected 1t, wonld have bhean considerably
hotter than the onc ohmarved by Pavliovekii et.
a’ on the {sentrope (this ls very clome to
<0 atishovite Hugonlot). A poaitive dP/dT
fo tha tranmition would requlre us to look
higher in pramsure. [ {8 difflcult to get =«
hi{gher {mpadnance material to probe highe:
along theme particular roflectad shocka. low=
aver, it {m qulte [canible to go to a higher
initial atate and per to subatantially higher
refllectad prassucsa, Son@ experiments along
thesa linem whould be doun. Good, large slabs
of novaculite, fo= us for the moment unfortu-
nataly, had baecote 1 :arce.

Two other argumenta, pro and con, ran be
glven. Rutile, {n tha rutlle mtructure (¥
ktown to have « large volume collapre. Thins
high=pruswurs phane could be a candidata for
the high=denutty 510, phane, On  the Hthes
hand, 1t tw ditfieult to vndermtind why thare
tan’t a huge dimcontinuilzy in denatty In the
mantle at 129 GPa.

The  atructu=s tn the |lowor part of our
raflectnd=whock curven coulid he {nterpretad (n
tarmm of the phase changen Cound by lLysanga
ot al.(2) and ournalvers The hraviey of cthin
note  and length of our uncertalntion pracludae
making too much of this.
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Fig. 4. Indlvidual P-up points on the 510,

reflected shocks.
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Fig. 5. 510, etngla=mhock loct, §104 Lnittal
states for our reflocted sahock, and calculatad
double shocks.
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